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(54) Soda-lime-silica float glass batch mixture 

(57) A glass batch mixture for producing a soda- 
lime-silica glass is claimed containing oxides of iron 

comprising a source of silicon, a source of silicon, a 
source of sodium, a source of calcium and wuestite. 
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^001] The present invention relates to a soda-nme-sliica float glass batch mixture for producing soda-llme-silica 
PI002] Such batch mixture according to the prior art include sand, limestone, dolomite, soda ash salt cake or qvd 

J^^ ^T^ ""'"""'^^ "^^"^ ^^'"P'^- '° P™^"^^ ^P^'^'^' glasses for use in vehicles v^hich have tow lev 
els of direct solar heat transmission (DSHT) and ultraviolet transmission (UVT). These glasses a^ rreduce th^ oT 
lems caused by excessive heating within the vehicle on sunny days, and to protect the interior furn^^hinnf^rfh 

blue color. The materials added to achieve good ultraviolet radiation absorption are Fe^* Ce Ti or V Them.2p?«f 

both good UV and good IR absorption are required in the same glass, the color of such glass is almost inevS ei^L 

g^enorWueWhentheooloroftheglassesisdefinedbytheCIELABsystem.suchcolercialS^^^ 

ness and having greater than 60% light transmission, are found to be either very green (-a->8) or verjuL (-b^Tnei 

ther of which are currently desirable from an aesthetic viewpoint. V 9 een i a >o) or very blue (-b >7). nei- 

h°ni .^nf^''^ ^° P'°''"'^ °' bronze-colored vehicle glazing having good protection aaainst 

both IR and UV radiation, but such glasses still tend to have a greenish yellow tinge Protection against 

IIS.nt ri^J^I! ""I'^lf ' ' ^ ^"9« °f 3iasses having a neutral tint and a visible light transmlttance 

Snn Jrf f ' M f 1°/"^^"' ^'^"^^ ^''^ 9'«s«^« t^ave color co-ordinates Zg in ^e 

coScoorrtes 

S?!!? I t "^^ ^'''^ '""'"'■^ '"=°^^'"9 '° P"°^ ^« for producing soda-lime-silica glass is a 

vej^ de etenous element ,n neutral tint glasses e.g. grey and bronze glasses but is required to raise the te^oHl^s 
of the glasses where employing rouge as the batch iron source 

conSt is reducer^'' " °' ' ^oc^a-lime-siltea glass batch mixture in which the carbon 
[0008] This object is solved by the features of claim 1 . 

[OOW] TTie inventive batch mixture may be used for an IR and UV absorbing soda-lime-silica glass of neutral tint 
(as herein defined) and in a 4 mm thickness, a visible light transmission of at least 70%. a dire« SafhTatlnsmtrn 
at least 1 2 percentage points below the vfeible light transmission, a UV transmission not greater S^an SSy Tdo^^r. 

more than 3 Most, preferably the direct solar heat transmission Is at least 20 percentage points lower m^ thr^ibte 
hght transmission. The composrtion comprises a soda-lime-silica base glass and a total iron content expresJ^d ^ 
Fe^Oa in the range of from 0.3 to 0.7% by weight. The glass is tinted to a neutral color by the inclusr"" 0 5^^iTnl^ 
by rn ion (ppm) of Se, from about 3 to 25 ppm of C03O, and a ferrous iren content to p lirfjo o ferroul^^^^^ 
total iron in the range of 21 to 34. preferably 25 to 31 (i.e.. percent of total iron as ferrous iron (Fe^n of ?i% to 
preferably 25% to 31 %). As Is well known, the iron content in glasses is usual^ present in both the Fe!o rtl^nd 

" ^"^^-"^ ' ^^^^-^ ^ - - " 

ShasirdSnr^ar^^^^^^^^ 
5n;rrty and UV absorption, respectively, wrthout deleterio 

1001 1 ] For the purpose of the present specification references to visible liaht transmi<?9ion t/T ii^hf t^^.^- • 

araa under the transm«sion versus wavelength curve for wavelengths between 300 and 400 n^and referencL to 

S?o Pit) „ f"^""^ *° transmission integrated over ^e JZ^h r^ne 

350 to 21 00 nm according to the relative solar spectral distribution Parry Moon for air mass 2 '^"9* 

. T- 1 """""'"^ '"^'"^'^ °' ~"9e greatly increases the ferrous value of a glass The 

a:;enrrart,^r^::frrnror^^^"^^ 

SSoH : ""^'^"^'^ conveniently melted together in a conventional gl^s making fumace. to form a neu- 

T t omo IZt "'T ^T^'^^^'T '"'^'''^ ^'^ ''°'^P°^'«°"' ^•''^^ -"ay be cornuous; 

cast onto the nnolten metal bath in a float glass process. iu"U5>iy 

[0014] The composition of soda-lime-silfea flat glasses suitable for use in accordance with the present Invention 
typically have the following weight percentage constituents: ^ invention 
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Si02 


65 - 80% 


NagO 


10-20 


CaO 


5-15 


MgO 


0-10 


AI2O3 


0-5 


K2O 


0-5 


BaO 


0-5 


B2O3 


0-5 



20 



25 



30 



[0015] Other minor ingredients, including melting and refining aids such as SO3 may also appear in the glass com- 
position. The coloring constituents set forth above are added to this base glass. The glass is essentially free of color- 
ants other than iron, cobalt, and selenium, and optionally nickel and titanium, other than any trace amounts of oxides 
that may be present as impurities. The glass may be melted and refined in a conventional tank-type melting furnace and 
formed into flat glass sheets of varying thicknesses by the float method in which the molten glass is supported on a pool 
of molten metal, usually tin, as it assumes a ribbon shape and is cooled. 

[0016] The glass compositions are particularly suited for the production of infrared energy and ultraviolet radiation 
absorbing glass for automotive and architectural glazings. Thus, glass sheets of this composition may be heat strength- 
ened or tempered, or alternately annealed and laminated together through an Interposed transparent resinous layer, for 
example composed of polyvinyl butyral, and employed, for example, as a windshield. Generally, the glass sheets for 
windshield use are of a thickness in the range of from about 1 .7 mm to about 2.5 mm, while those tempered and used 
as sidelights or backlights are in the range of about 3 mm to about 5 mm thick. 

[0017] Unless otherwise noted, the tenn percent (%) as used herein means percent (%) by weight. Wavelength dis- 
persive X-ray fluorescence was used to determine the weight percents, of Ti02 and total iron expressed as Fe203. Per- 
cent reduction of total iron was determined by first measuring the radiant transmission of a sample at a wavelength of 
1060 nanometers, using a spectrophotometer. The 1060 nm transmission value was then used to calculate optical den- 
sity, using the following fonnula: 



35 



Optical density = Log 



40 



45 



(To = 1 00 minus estimated loss from reflection = 92; T = transmission at 1 060 nm). 
[0018] The optical density was then used to calculate the percent reduction: 

(llO)x(opticai density) 



percent reduction = 



(Glass thickness in mm)x(wt% total FegOg) 



[0019] The concentrations of each of the three essential colorant constituents depend upon the optical properties 
desired for the glass and are interrelated to each other. Iron is added, typically as Fe203. and is partially reduced to 
FeO. The total amount of iron in the batch is critical, and must equal from 0.3 percent to about 0.7 percent by weight, 

50 expressed as Fe203. Likewise, the degree of reduction is critical and must equal between 21% and 34%. If the iron is 
more highly reduced than the critical amount, or if a higher total amount of iron is employed, the glass will become too 
dark and the liiuminant A visible light transmittance will drop below about 70 percent. Additionally, the glass batch melt- 
ing process will become increasingly difficult as the Increased amount of FeO prevents the penetration of heat to the 
Interior of the melt. If the iron Is less reduced than the critical amount, or if a lower total amount of iron is employed, then 

55 the direct solar heat transmittance for a desired thickness glass can rise to an unacceptable level, i.e., above about 
58%. 

[0020] From about 3 to about 25 ppm cobalt oxide is added, typically as C03O4, along with about 0. 5 to about 10 
ppm selenium. The proper selenium and cobalt content provides an aesthetically pleasing, neutral tint, somewhat gray 
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I! 

colorto the glass. Preferred composition^ include a soda-lime-sillca base glass and colorants consisting essentially of 
0.45 to 0.65 total iron (as FegOg) . with a ratio of ferrous iron to total iron of 25 to 31 , 1 to 5 ppm Se 8 to 20 Dom Co O 
to 35 ppm NiO and 0 to 1 weight percent TiOg. ' ^ 

[0021] The following examples illustrate glass compositions produced with the invention that are readily formed into 
glass articles or glazings such as automobile windshields. The compositions absorb both infrared and ultraviolet rays 
and have an llluminant A visible light transmission of at least about 70% and a direct solar heat transmission at least 12 
percentage points less than the visible light transmission. 

[0022] The examples, except examples 1 and 11 which are for comparison purposes only, use the batch mixture of 
the invention. In the examples, all parts and percentages are by weight and: 

(a) FegOa. FeO and TiOg are expressed In percent; Se. C03O4 and NiO are expressed in parts per million- 

(b) total iron Is expressed as if all iron present were present as ferric oxide; and 

(c) the FeO content is calculated from the equation 

FegOa = percentage total iron, expressed as FeaOg in the glass (143.7 being the molecular weight of 2 x FeO 
and 1 59.7 being the molecular weight of FegOg). 

[0023] The transmittance data in the Table below and throughout are based on a nominal glass thickness of 4mm. 
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LT 


72 


71 


71 


75 


73 






DSHT 


53 


50 


51 


63 


51 






UTV 


36 


45 


47 


59 


51 






a* 


-5.1 


-4.8 


-5.2 


-2.0 


-4.7 






b* 


7.5 


3.2 


2.4 


0.2 


1.5 
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\D 


565 


546 


529 


499 


512 




Purity 


6.9 


2.4 


1.7 


0.8 


1.3 






Example 






6 


7 


8 


9 


10 


11 


30 


Total lron as Fe203 


0.56 


0.56 


0.54 


0.57 


0.51 


0,53 




FeO 


0.13 


0.14 


0.13 


0.16 


0.12 


0.09 




% of Total Iron as Fe^"^ 


25 


27 


27 


31 


27 


19 


35 


Se 


2 


1 


1 


<l 


2 


5 


C03O4 


5 


13 


2.4 


10 


12 


13 




T1O2 










1.0 






NiO 


23 




31 








40 


LT 


76 


74 


72 


74 


71 


71 




DSHT 


54 


52 


53 


50 


52 


57 




UTV 


51 


51 


53 


53 


40 


46 


45 


a* 


-4.9 


-5.3 


-5:0 


-6.2 


-5:2 


-1.9 




b* 


i.9 


0.3 


-1.0 


-0.8 


5.5 


4.1 




\D 


618 


498 


499 


494 


560 


569 




Purity 


1.3 


2.3 


3.3 


3.6 


4.8 


4.0 



50 



[0024] The base glass composition for example 7, which is essentially the same for all of the examples, was as fol- 
lows: 
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oompunenr 


weight Percent of Total 
Glass 


Si02 


73.91 


NagO 


14.04 


CaO 


7.86 


MgO 


3.47 


SO3 


0.20 


AI2O3 


0.16 


K2O 


0.039 



batch mixture for example 7. which is likewise similar for all of the examples except for the colorants. 
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Constituent 


Parts by Weight 


Sand 


154 


Soda Ash 


50 


Gypsum 


1 


Limestone 


11 


Dolomite 


33 


Wuestlte 


1.02 


C3O4 


0.0011 


Selenium 


0.0014 


Carbon 


0.027 



40 



45 



10026] The composition can be manufactured into flat glass products using commercia) manufacturing processes 
in particular the float process. A sheet of glass that has been fomied by the float process is characterized by measura- 
ble amounts of tin oxide that migrated into surface portions of the glass on at least one side. Typically a piece of float- 
forming glass has an SnOj concentration of at least 0.05% by weight in the first few microns below the surface that was 
in contact with the tin. Glass made by the float process typically ranges from about 2 millimeters to 10 millimeters in 
thickness. 

[0027] Anothercharacteristicofmostfloatglassisthepresenceoftracesofmeltingandrefiningaidssuchassulfur 
analyzed in the glass as SO3. or fluorine or chlorine. Small amounts of these melting and refining aids (usually less thari 
0.3 /o by weight) m^ be present in the glass compositions of the present invention without effect on the properties. 

Claims 



1. A glass batch mixture forproducing a soda-lime-silica glass containing oxides of iron comprising a source of siHcon 
a source of silicon, a source of sodium, a source of calcium and wuestlte. 

t 

2. Glass batch mixture according to claim 1 comprising sand, soda ash, dolomite Jimestone. a sulfate selected from 
55 the group consisting of salt cake and gypsum and wuestite. 



3. 



Use of the glass batch mixture according to claim 1 or 2 to produce a soda-lime silica glass containing oxides of 
iron, the wuestite being at least a partial source of the iron oxides In the resulting glass. 
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V 



Process for producing.jasoda-limo-silica glass containing oxides of iron including admixing, heating and melting a 
soda-lime-silica glass batch mixture comprising including in said batch mixture wuestite as at least a partial source 
of the iron oxides in the resulting glass. 
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